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ABSTRACT
Due to the increasing availability of Δ9-tetrahydrocannabinol (THC), evaluation of the
potential adverse behavioral effects following exposure to this cannabinoid during early
development is crucial. Following exposure to 0.08, 0.4, or 1 µM THC as larvae (6-96 hours post
fertilization), this study measured the latent behavioral effects caused by THC through testing the
fish at the following life stages: larval photomotor response (LPR) at 120 hpf, and open field
testing (OFT) at 3 weeks post fertilization (juvenile), 11 wpf (onset of sexual maturity) and 24
wpf (adulthood). During the LPR test, hyperactivity in the dark phase was evident in larval
zebrafish exposed to 0.4 µM THC. Further, open field tests were conducted at 3 and 11 wpf
where dose-dependent hyperactivity and increased thigmotaxis were apparent across the two
highest concentrations of THC-exposed zebrafish. Adult zebrafish were also tested 6 months
post fertilization. The OFT revealed a significant difference in terms of behavior between male
and females as well as significant increases in velocity amongst fish exposed to 0.4 or 1 µM
THC of both sexes. These results suggest that exposure to THC during critical periods of
development can cause behavioral alterations that persist in zebrafish into adulthood.
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I. INTRODUCTION

1.1 Cannabis Consumption in the USA
Laws regarding marijuana use and legality are rapidly evolving across the world.
Further, the usage of cannabis during the first trimester of pregnancy has more than
doubled in the past 10 years and is used more frequently than any other drug amongst
pregnant women (Volkow et al., 2019). Cannabis use by pregnant women increased by
nearly 4% between the years of 2002 and 2017 (Center for Behavioral Health Statistics
and Quality, 2017). When looking at both pregnant and nonpregnant women, nearly 70%
believe that there is no harm or risk associated with the use of marijuana (Ko et al., 2015;
Bayrampour et al., 2019). According to the National Survey on Drug Use and Health,
data collected shows that based on the birth rate in the US in 2017 of approximately 3.8
million, more than 270,000 babies were estimated to have been exposed to cannabinoids
during critical points of development (Ko et al., 2015). Further, not only have there been
significant changes in policies regarding cannabis legalization, but there has also been a
remarkable potency increase in Δ9-tetrahydrocannabinol (Chandra et al., 2017). Due to
these findings, there is a need for deeper understanding regarding the potential adverse
behavioral effects that may result in offspring from exposure during development.

1.2 Cannabinoids
Marijuana, derived from the Cannabis sativa plant, has become one of the most
regularly used illicit drugs in the United States and is also known for its medicinal
purposes (Ahmed et al., 2018). The plant, Cannabis sativa, contains more than sixty
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cannabinoid compounds and over 400 chemical compounds (Atakan 2012). Two
principal cannabinoid constitutes are the psychoactive Δ9-tetrahydrocannabinol (THC)
and the non-psychoactive cannabidiol (CBD) (Goncalves et al., 2019). Cannabinoids are
primarily transduced by two G-protein-coupled receptors, cannabinoid receptors 1 and 2
(CB1R and CB2R in rodents and humans, Cnr1 and Cnr2 in fish) (Lu and MacKie,
2016). Cannabinoids have differing binding affinities to CB1R and CB2R. CBD has a
lower binding affinity to each receptor than THC, which has a high affinity and low K i
values (Maccarrone et al., 2015). This study focuses on the effects of THC, specifically,
when offspring are exposed during critical periods of development.
The endocannabinoid system also consists of various other receptors and
signaling pathways such as G-protein-coupled receptors and nuclear receptors that may
overlap and interact with cannabinoids, such as peroxisome proliferator-activated
receptors or G-protein coupled receptor 55 (Kano et al., 2009).

Figure 1: Structure of THC Made in ChemDoodle
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1.3 Effects of Developmental THC Exposure
With the widespread legalization of cannabis and its increased usage by pregnant
women comes a need for further understanding of its adverse effects on offspring. THC
has the ability to cross the placenta in humans (Grant et al., 2018). THC concentrations in
the umbilical cord and meconium were 0.0012 and 0.016 mg/kg, respectively (Grant et
al., 2018; Jensen et al., 2019; Kim et al., 2018). However, the exact amount of THC a
developing child is exposed to as a result of THC consumption by the mother is unknown
and is likely highly variable depending on how THC is used. It is known that THC is able
to be metabolized within a 24-hour time period in a wide range of tissues, yet it remains
persistently in fat (Brunet et al., 2006).
The endocannabinoid system is evident in the central nervous system in
vertebrates both before and during neurodevelopment (Berghuis et al., 2007). Prenatal
cannabinoid exposure caused persistent hyperactivity, impulsivity, heightened startle
responses (Fried 1980), social issues (Paul et al., 2021), and adverse effects on memory
across lifespan in humans (McLemore et al., 2016; Smith et al., 2004). Higher rates of
depression, poor cognitive performance, and increased anxiety are each associated with
the use of cannabis during human adolescence, which is a period of continual
development and remodeling within the brain (Trezza et al., 2012; Chadi et al., 2019;
Jager et al., 2008).

1.4 Cannabinoids on Behavior
Stress and anxiety are regulated by the endocannabinoid system throughout
lifespan. Cannabinoid exposure during childhood and adolescence can cause adverse
3

outcomes that persist across life. Studies have revealed that impaired cognitive abilities
and increased levels of anxiety and depression are a common result in children who were
exposed to cannabis in utero (Jager et al., 2008; Patton, 2002). Working memory was also
affected in young monkeys that were exposed to THC (Verrico et al., 2014). In THCexposed adolescent rat models, persistent effects of toxicity due to cannabinoids were
sex-dependent, and included impaired memory capabilities and psychotic-like behaviors
in male rats (Zamberletti et al., 2016).

1.5 Zebrafish as a Model to Study Human Disease
Zebrafish (Danio rerio) are used as a model organism because of their wellknown developmental biology and utility in relatively high throughput in vivo toxicology
and drug discovery screening. Zebrafish exhibit many similar physiological and
developmental characteristics to humans. Approximately 70% of human genes have a
zebrafish counterpart, while 84% of genes that are connected to human disease have a
zebrafish ortholog (Howe et. al., 2013). Development and potential toxicity stemming
from a variety of compounds can be tested in zebrafish due to their ability to fertilize and
develop externally, develop rapidly, and provide transparent embryos that allow study
from the beginning phases of embryogenesis. These traits allow researchers to dose
embryos during critical developmental periods (Teame et al., 2019). Zebrafish are also
able to demonstrate transgenic phenotypes making them a crucial genetic tool as a result
of the genome’s ability to be easily modified (Lieschke et al., 2007).
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1.6 Cannabinoids in Fish
Zebrafish are used to characterize the toxicity of cannabinoids because of the
similarities between humans and their endogenous cannabinoid receptors and ligands
(Oltrabella et al., 2017). Previous studies on fish have shown that exposure to high
concentrations of THC during development causes disturbances in brain development
(Richardson et al., 2017) as well as other teratogenic effects (Carty et al., 2018).
Specifically, severe developmental toxicity (Pandelides et al., 2021), diminished
reproductive abilities during adulthood (Carty et al., 2019), increased levels of anxiety,
and altered memory capabilities were observed in developmentally exposed offspring
(Tirado-Muñoz et al., 2020; Nashed et al., 2021). Fish exposed to higher concentrations
of THC exhibited hypoactivity following the end of exposure at 96 hpf (Pandelides et al.,
2021). Differences in gene expression and alteration in locomotive abilities were found in
response to exposures conducted 6-96 hpf, when exposed to 1 µM THC (Pandelides et
al., 2021). Further, low concentrations of THC induced significant adverse effects in
larval fish behavior, including increased hyperactivity (Carty et al., 2018, 2019). Previous
studies have solely measured acute effects at the very end of exposure, which is the
primary reason why this study is necessary to examine the latent effects. The research
presented here will lend to establishing the role of cannabinoids in the developmental
origins of health and adult disease (DOHaD). As a whole, our research further examines
the behavioral effects of various concentrations of THC exposure during critical points of
development across lifespan.
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1.7 Study Goals and Hypotheses
We hypothesized that following the larval photomotor response assay, larval
zebrafish will exhibit dose-dependent alteration in locomotive behavior due to THC
exposure. Further, we hypothesized that the open field tests would reveal both
hyperactivity and anxiogenic behaviors that will persist into adulthood. The goals of this
study were to:
1. Assess latent behavior effects caused by THC at 120 hpf, 3 wpf, 11 wpf, and 24
wpf.
2. Determine if effects are dose- or sex- dependent.
3. Examine the persistence of behavioral alteration
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II. MATERIALS AND METHODS

2.1 Experimental Animals
The 5D zebrafish strain (that are naturally cnr+/+) was utilized in this study. Wildtype 5D zebrafish were obtained from Dr. Robyn Tanguay at Oregon State University.
The Institutional Animal Care and Use Committee (IACUC) guidelines were followed at
all times. Healthy adult zebrafish were housed in Aquatic Habitats Zebrafish Flowthrough System (Aquatic Habitats, Apoka, Florida) under ambient conditions (pH 7.58.0, dissolved oxygen 7.2-7.8 mg/L, conductivity 730-770 mS, and temperature 27°C29°C).
Fish were bred by placing a 1:1 ratio of male and female adult fish into breeding
tanks overnight. The following morning, debris was removed, and fertilized embryos
were collected and placed into petri dishes that contained embryo water (sterilized
deionized water; pH 7.4-7.7; 60 ppm Instant Ocean, Cincinnati, Ohio). Embryos were
staged over the course of the morning in order to ensure exposure at 6 hpf. At 6 hpf
embryos are in the gastrula period, and the shield begins to become visible from the
animal pole (Kimmel et al., 1995).

2.2 Δ9-Tetrahydrocannabinol Exposures
Δ9-Tetrahydrocannabinol (THC) was obtained from the NIDA Drug Supply
Program (Research Triangle Park, North Carolina). Newly spawned zebrafish embryos
from 5D strains were exposed to 0.08, 0.4, or 1 µM THC at 6 hpf until 96 hpf. Five
replicates with 20 embryos per replicate were exposed in 20 mL glass scintillation vials
with 0.6 mL of embryo water per embryo for both strains. A carrier control of dimethyl
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sulfoxide (DMSO; concentration 0.05%) was used. Following exposure, embryos were
observed every 24 hours to check for survival, hatch time, and developmental defects.
Sloughed chorions and other debris were removed from the vials upon each observation.

2.3 Larval Photomotor Response Assay
A larval photomotor response assay was conducted in order to analyze larval
behavior in response to light and dark. The assay was performed at 120 hpf. Behavior
was measured with a ViewPoint ZebraBox (ViewPoint, Montreal, Canada). Larvae were
pipetted into a 96 well plate where one larva and 300µL of egg water was placed in each
well. The plate was placed in a ViewPoint ZebraBox in a temperature-controlled room
(28°C). Following 10 minutes of acclimation in light [8000 lux, acclimation], the assay
consisted of 10 minutes in the dark [0 lux], followed by 10 minutes in the light, followed
by another 10 minutes in the dark, and finishing with 10 minutes in the light for a total of
50 minutes. In each lighting phase, the locomotor activity, which consists of total
distance traveled of each larva, was measured and analyzed every 2 minutes, n=48 per
treatment.

2.4 Open Field Tests
F0 fish developmentally were exposed to THC, and they were reared at equal
densities until adulthood. In order to determine whether exposure affects locomotor
activity and as a measure of thigmotaxis, open field tests are conducted in an empty arena
in a temperature-controlled room with system water from the primary zebrafish culture
unit (Aquatic Biosystems). The tests were run on zebrafish at 3 wpf or 11 wpf (n=24 fish
per treatment), and 6 months post-fertilization (n=12 fish per sex per treatment) in an
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arena of various sizes based on the fish life stage. Each arena contained an inner and
outer zone where the inner zone and periphery were equal in area. For adult fish, tanks
were separated into males and females prior to testing. The fish were given a 5-minute
acclimation period to adjust to temperature and lighting conditions that were present in
the room. At 3 wpf juvenile zebrafish were tested in a 12 well plate, 2.5 cm in diameter
and 2 cm in height filled with 5mL of water to a height of 1.5 cm. At 11 wpf zebrafish at
the onset of sexual maturity were tested in a 2-gallon bucket that was 24 cm in diameter
and 24 cm in height filled with 4 L of water to a height of 12 cm. For adult zebrafish an
opaque white 5-gallon bucket was used as an arena. The bucket was 28 cm in diameter
and 37 cm in height filled with 10 L of water to a height of 17 cm. The arena was divided
into two zones: center (20 cm diameter circle); and periphery (4 cm from the wall and the
center) for the adult fish and accordingly for each of the other various sized arenas. To
minimize diurnal variation in zebrafish, treatment tanks were randomized, and testing
was only conducted between 2 and 5 pm. One at a time, fish were transferred into the
arena and assessed for 5 minutes. After each test, the fish were returned to their original
tanks. Following each tank, the water was changed in the bucket. EthoVision was used to
track velocity, freezing duration, and time spent in the center or periphery of the arena.
The bucket was recorded from above with a color GigE camera. For each treatment, 12
males and 12 females (n = 12/sex/treatment) were tested for adults, and 24 fish per
treatment (n=24/treatment) for other ages.
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Figure 2: Two Zones of Behavior in the Open Field Test. For analysis, the swim arena
was divided into two regions- periphery (outer 50% of the arena) and center (inner 50%
of the arena). 3 wpf (A), 11 wpf (B), and 24 wpf (C) arenas.

2.5 Choice Learning Maze
Fish tanks were separated into males and females the evening before testing.
However, social groups remained intact prior to assessment in order to minimize anxiety.
To begin behavioral assessment, the fish were given at least 5 minutes to acclimate in a
temperature-controlled room. The choice learning maze was 45 cm x 25 cm and
contained 15 L of water making the height of the water in the tank 14cm. The maze held
6 stimulus fish in the reward chamber with 3 males and 3 females taken from the same
tank as the test fish. A transparent acclimation chamber in the open field portion of the
choice learning maze held test fish during a 2-minute acclimation period. Following
acclimation, the chamber was removed, and each test fish had 10 minutes to explore and
reach the reward room. Upon entering the reward room, the fish garnered 2 minutes to
socialize with the stimulus fish. If a fish did not complete the maze in 10 minutes, it was
guided with a net through the maze to the reward room and allowed a socialization
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period. Noldus Ethovision was utilized twice a day for 5 days to record the fish
(n=12/sex/treatment). Following testing, fish were returned to their respective rearing
conditions. Fish that failed to learn over at least three consecutive days were considered
outliers and removed from the study.

Figure 3: Choice learning maze setup (left) and choice learning maze view from Noldus
Ethovision recording (right). Reward chamber (top) and acclimation chamber (bottom)
are visible. The center of the maze was split into three chambers with 2 being incorrect
(blue/green highlight) and having the door blocked with a clear piece of holed plastic,
and the correct chamber having no blockage on the door allowing a clear path to the
reward chamber.

2.6 Statistical Analysis
All data were assessed for normality and homogeneity of variance using ShapiroWilk and Brown-Forsythe tests, respectively. Statistical analysis was performed
following the larval photomotor response assay on the total distance traveled during the
light and dark phases separately. An ANOVA was performed to determine differences
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between the total distance traveled of fish during the dark and light phases separately
(ANOVA, SNK posthoc, p ≤ 0.05). An ANOVA on ranks was performed for the data that
was unable to meet the assumptions of the parametric tests. Sigmaplot 14.0 software was
utilized for graphing and statistical analysis.
Open Field Tests collected behavior data across lifespan and measured total
distance traveled, freezing duration, as well as time spent in the periphery. For immature
fish a one-way ANOVA was performed with treatment as a factor (ANOVA, SNK
posthoc, p ≤ 0.05). For sexually mature adult fish a two-way ANOVA was performed
with sex and treatment as factors (SNK posthoc, p ≤ 0.05)
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III. RESULTS

3.1 Role of THC on Behavior in 120 hpf Larval Photomotor Response Assay
At 120 hpf a larval photomotor response assay was performed. In each lighting
phase, the locomotor activity, which consists of total distance traveled of each larva, was
measured and analyzed over a 50-minute period. When exposed to THC, there was
significant hyperactivity present in the dark phase in larval zebrafish exposed to 0.4 µM
THC (Figure 1B). However, there were no significant differences in hyperactivity in the
other concentrations of THC.
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Figure 4: Larval Behavior. A) Total distance traveled by 120 hpf larvae over 50
minutes, B) total distance traveled during each phase (n=48): acclimation (light), light,
and dark. Hyperactivity was significant in the dark phase in larval zebrafish exposed to
0.4µM THC. Letters not in common indicate a significant difference (ANOVA, SNK
post-hoc, p≤0.05).
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3.2 Role of THC on Behavior in Open Field Tests at 3, 11, and 24 wpf
Velocity, freezing duration, and time spent in the periphery were measured at 3,
11, and 24 wpf. There was a dose-dependent increase in hyperactivity and thigmotaxis in
the fish exposed to THC at 3 wpf, with significantly increased velocity and presence of
thigmotaxis at 0.4 and 1 µM THC (Figure 5A & C). However, there was a decrease in
freezing duration at higher concentrations of THC (Figure 5B). At 11 wpf, the open field
tests revealed significantly increased velocity at all concentrations tested as well as
increased thigmotaxis at the highest concentration of THC (Figure 6A-C). There was no
effect of THC on freezing duration at 11 wpf (Figure 6B). Adult male and female
zebrafish were assessed at 24 wpf, and while the effect of THC on thigmotaxis or
freezing duration (7B-C) did not persist, there was a significant increase in velocity that
persisted into adulthood in the two highest concentrations of THC (Figure 7A). There
was not a significant difference amongst male and female fish in any of the endpoints
measured (7A-C). Figures 5-7 each show box plots that illustrate the data collected from
a sample size of 24. In Figure 7 the adult fish results are depicted by sex (n=12/sex).
Figure 8 illustrates a summary of the results seen in Figures 5-7 by showing the arenas
and heatmaps at each time point measured.
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Figure 5: Open Field Behavior of 3-week-old Zebrafish A) velocity, B) freezing
duration C) time spent in periphery of arena (n=24). Results indicate dose-dependent
hyperactivity and increased thigmotaxis in 0.4 and 1 µM THC. Letters not in common
indicate a significant difference (ANOVA, SNK post-hoc, p≤ 0.05).
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Figure 6: Open Field Behavior of 11-week-old Zebrafish Significantly increased
velocity at all concentrations tested; increased thigmotaxis at only the highest dose.
Letters not in common indicate a significant difference (1 µM THC, ANOVA, SNK posthoc, p ≤ 0.05.)
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Figure 7: Open Field Behavior of Male and Female Adult (6 month) Zebrafish
THC’s effect on thigmotaxis did not persist into adulthood but significantly increased
velocity was seen in adults at the two higher concentrations of THC. Symbols indicate a
significant difference (two-way ANOVA, SNK, post-hoc, p ≤ 0.05).
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Figure 8: Arenas and Heatmaps Illustrating Behavior: 3wpf, 11 wpf, and 24 wpf in
rows from top to bottom, respectively. * indicate significantly increased velocity and &
indicate significantly increased thigmotaxis. (ANOVA, SNK post-hoc, p ≤ 0.05).
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3.3 Role of THC on Learning and Memory
Learning was measured across a five-day period through the use of a choice
learning maze. Time to solve was assessed and results were evaluated based on male vs.
female fish and control vs. THC exposed fish. No effect was found in learning for either
male or female fish. However, when comparing control to THC exposed fish, fish
exposed to THC solved the maze significantly quicker than control fish (Figures 9 and 10
for male and female fish, respectively). While our initial hypothesis expected the control
fish to need less time to solve the maze over the five-day period, fish exposed to THC
solved the spatial maze quicker, likely due to their higher baseline velocity that is evident
in the previous open field tests (Figure 11). However, there was no difference between
male and female fish for time to solve (Figure 11).
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Figure 9: Learning Time of Male Fish The time (seconds) taken by fish
(n=12/treatment) to solve the choice learning maze of male fish developmentally exposed
to 1µM THC. Male fish were individually tested/trained twice a day for five days to
determine if they were able to learn to solve the maze faster. (Repeated Measures
ANOVA, SNK post-hoc, p > 0.05.)
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Figure 10: Learning Time of Female Fish The time (seconds) taken by fish
(n=12/treatment) to solve the choice learning maze of female fish developmentally
exposed to 1µM THC. Female fish were individually tested/trained twice a day for five
days to determine if they were able to learn to solve the maze faster. (Repeated Measures
ANOVA, SNK post-hoc, p > 0.05.)
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Figure 11: Combined Time to Learn Results of Male and Female Fish. The average
time to solve (seconds) for each male and female fish (n=12/sex/treatment) across five
days. Fish developmentally exposed to THC on average solved the maze faster, but there
was no difference between sexes for time to solve (two-way ANOVA, SNK, post-hoc, p
≤ 0.05).
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IV. DISCUSSION

4.1 THC Toxicity
Following developmental exposure to THC, behavioral abnormalities have been
measured in both rodents and zebrafish (Ahktar et al., 2013; Champagne et al., 2010;
Rodríguez et al., 2017). In C57/BL6 mice, neonatal THC exposure during critical
developmental periods caused neurotoxicity that led to behavioral alterations
characteristic of schizophrenia upon adolescence (Rodríguez et al., 2017). In zebrafish we
also found lingering effects of THC and how exposure to THC during early development
created persistent behavioral alterations across lifespan. Zebrafish have exhibited similar
locomotor behavior to rodents upon exposure to THC (Champagne et al., 2010).
Increased locomotor activity has been seen in zebrafish exposed to low doses of THC
during development. However, higher concentrations of THC produce hypolocomotion
(Pandelides et al., 2021).

4.2 Larval Behavioral Assessment
If dechorionated, zebrafish may swim as early as 27 hpf if prompted by touch.
However, apart from swimming as a response to touch, zebrafish begin to swim as early
as 48-72 hpf. It has been noted that after 96 hpf, fish swim differently in response to light
or dark stimuli with increased movement seen in the dark (Saint-Amant and Drapeau,
1998). A larval photomotor response assay is used to analyze this behavior in response to
a cyclical light to dark stimulus in 120 hpf fish. The assay was chosen for measuring
behavior due to previous studies that have found abnormal photomotor responses to be an
indication of toxicity in what would otherwise be considered healthy animals (Burgess &
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Granato, 2007). The heightened activity has been concluded to have stemmed from a
sensitivity to darkness that developed in fish over time. Evolution likely occurred due to
the drive to seek light conditions where feeding and avoidance of predators was more
feasible (Burgess & Granato, 2007; Emran et al., 2008). Our results are consistent with
the previous indication of increased activity during dark conditions because overall
activity was higher during the dark phase regardless of exposure (Figure 4). However,
fish that were exposed to 0.4 µM THC revealed a significant increase in locomotor
activity during the dark phase. Previous studies have noted that cannabinoids can have a
dose-dependent biphasic effect on behavior where exposure to lower doses of THC
caused increased activity and higher doses caused decreased activity (Viveros et al.,
2005).

4.3 Lifespan Behavioral Assessment
Open field behavior was assessed across lifespan in order to determine the
potential effects that exposure to THC had on anxiety in zebrafish. Anxiety in fish is
characterized by thigmotaxis, which is seen by the swimming of fish closer to the
periphery of an arena or tank walls (Baiamonte et al., 2016; Nielsen et al., 2018).
Thigmotaxis, known to be an adapted trait, aids in stressful situations where escape or
protection may be needed (Champagne et al., 2010), and we examined the role that THC
plays in this stress response across various stages of life. During the juvenile stage,
significant thigmotaxis was evident at the two highest concentrations of THC, while
during the onset of sexual maturity, thigmotaxis was only significant in fish from the
highest concentration of THC. By adulthood, thigmotaxis was no longer significant.
Another common measure of anxiety is freezing duration, which is a fear response
25

mechanism (Egan et al., 2009). However, there were no apparent trends in freezing
duration seen in our results.
The largest trend seen in our research is a dose-dependent hyperactivity that was
apparent in each stage the fish were tested. These findings confirmed our original
hypothesis by revealing that hyperactive behaviors persist into adulthood. Hyperactivity
following exposure to THC has been found in other animals and humans that were
exposed to THC during pregnancy. Dopaminergic activity was altered following the use
of cannabis in rats, which led to the development of hyperactivity disorders, impaired
memory capacities, and changes in locomotive abilities (Trezza et al., 2012; Zamberletti
et al., 2016). Similarly, in humans upon exposure to THC during pregnancy, individuals
experience long-term effects that alter focus, attention, and result in conduct issues across
life (Warner et al., 2014; Huizink et al., 2006; Day et al., 2011). In addition,
developmental THC exposure causes hyperactivity that can be associated with the
development of attention deficit hyperactivity disorder and other mental disorders, such
as depression (Roncero et al., 2020; Alpár et al., 2016). While research is still ongoing,
the results presented lend support to the belief that exposure to THC during development
impacts behavior in ways that persist throughout life rather than just during the
developmental period.

4.4 Conclusion
This study found that exposure to THC during critical periods of development
causes significant behavioral effects in zebrafish that persist across lifespan. These results
provide novel information beyond previous studies that solely examined the effects of
THC in the larval stage. Further, this study lends valuable insight to the role that maternal
26

THC exposure may have on offspring. Through the assessed endpoints of locomotor
activity for larval fish and velocity, thigmotaxis, and freezing duration for adult fish,
persistent effects resulting from exposure to cannabis during the developmental period
was evaluated. Further research can be conducted in order to determine the specific
period of vulnerability during development that is responsible for these persistent effects.
A practical next step would be to developmentally expose fish to THC during short
windows of time at multiple distinct stages in life to pinpoint the exact phase where fish
are most susceptible to these adverse effects. Additionally, further research should be
conducted to optimize the learning and memory assays through the utilization of the
choice learning maze.
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